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Incorporating current trials and technology into clinical practice Age-related macular degeneration (AMD) is the leading cause of irreversible blindness in the developed world. Severe central visual impairment develops as a result of neovascular derangement (wet AMD) or non-neovascular abnormalities (dry AMD). Slight alterations in central visual acuity can have profound effects on activities of daily living such as reading or driving. Dry AMD, which constitutes 85% to 90% of cases, is clinically associated with large confluent drusen formation and hyperpigmentation, with subsequent resorption of drusen and eventual loss of retinal pigment epithelium (RPE), choriocapillaris, and photoreceptors, leading to geographic atrophy (GA). 1, 2 This advanced stage of dry AMD is responsible for 20% of all cases of legal blindness in North America. Geographic atrophy remains an important cause of permanent vision loss despite historic progress made in managing vitreoretinal diseases over the past decade. Fortunately, our understanding of age-related macular degeneration pathophysiology has reached a level that has allowed us to embark on several clinical trials to discover treatments to manage this difficult disease. Availability of animal models and advances in imaging (OCT and autofluorescence) have aided in the possibility of upcoming breakthrough treatments for GA.
Drs. Patel and Eichenbaum discuss a wide variety of treatment approaches, including neuroprotection, LDL-lowering agents, antibodies binding amyloid, anti-inflammatories, visual cycle modulators, and stem cell transplantation. Although many of these approaches are in the early stage, the community is encouraged by the progress of the Genentech lampalizumab development program entering phase 3 this year.
I am certain that the insights and review of this complex topic provided by Drs. Patel and Eichenbaum will be valued by the community.
Seenu M. Hariprasad Practical Retina Editor
Hershel R. Patel I am pleased to announce that beginning in 2015, Howard F. Fine, MD, MHSc, will join Seenu M. Hariprasad, MD, as co-section editor of the Practical Retina column. Under Dr. Hariprasad's leadership, the Practical Retina column has become a highly popular feature in OSLI Retina. As the publication frequency increases from six to 10 issues of OSLI Retina per year, a second editor is warranted. I welcome Dr. Fine's contributions to Practical Retina.
-Carmen A. Puliafito, MD OSLI Retina Editor-in-Chief
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Although there is no current treatment to specifically target the onset or progression of GA, improved understanding of the underlying pathophysiology has spawned potential new therapies that are currently undergoing evaluation in clinical trials (Table, pages 10 and 11). 4 Although the probable initial insult has been characterized, halting progression to GA will likely require augmentation of multiple molecular pathways. Broad classes of therapeutics under study include pharmacologic approaches to preserving and restoring RPE cells and photoreceptors, maintaining blood flow to the choriocapillaris, reducing beta-amyloid accumulation, preventing or reducing oxidative damage, reducing accumulation of retinal toxins, and minimizing inflammatory damage (Figure, page 12 ). 
Prevention
It remains important to counsel patients about modifiable risk factors that may allow for a better final visual outcome. These factors include smoking, hypertension, and body mass index, and controlling these factors has been reported to reduce the risk of developing AMD by 50%. 
Oxidative stress
Antioxidants and neuroprotective drugs are two classes of drug that can reduce stress by free radical damage. Nutritional supplements have been employed for their antioxidant properties as preventative therapy for AMD. The AREDS formulation includes 500 mg vitamin C, 400 IU vitamin E, 15 mg beta-carotene, 80 mg zinc oxide, and 2 mg cupric oxide. 6 While there are no reported adverse effects associated with consumption of the AREDS formulation, beneficial effects were seen only in relation to reduction of the risk of progression to wet AMD. Vitamin supplementation has not shown a reduction in the risk of progression to central GA. 
Neuroprotection
Brimonidine tartrate (Alphagan-P; Allergan, Irvine, CA) is an alpha-2 adrenergic receptor agonist that has been shown in animal studies to protect retinal function after acute ischemia. It confers protection on retinal ganglion cells, bipolar cells, and photoreceptors in models of ischemia, ocular hypertension, retinal phototoxicity, and partial optic nerve crush. 8 Activation of alpha-2 adrenergic receptors potentially slows neuronal loss by reducing apoptosis. 9 Brimonidine tartrate has been tested in a randomized, double-blind phase 2 trial as an intravitreal implant inserted at day 1 and month 6. A 200-µg and a 400-µg implant were tested using the fellow eye as a control in a sham arm. At the 2-year mark, the data appear to show efficacy, with less expansion of baseline GA area in a dose-dependent pattern. 10 Allergan is now enrolling the prospective placebo-controlled phase 3 BEACON study of the 400-µg brimonidine implant injected quarterly for 24 months.
11

LDL-lowering agents
Many risk factors for the development of cardiovascular disease parallel those of AMD, including genetics, smoking, hypertension, and hyperlipidemia. Aberrant accumulations of lipids play an important role in the pathogenesis of both diseases. There has been a logical conjecture that statins may be useful for prevention and treatment. Longitudinal studies to date have not consistently demonstrated a benefit of statin therapy on the advancement of GA. The dose and duration of therapy are factors not often considered by these studies. In addition, no randomized, controlled trials with longterm follow-up have been undertaken, leaving the beneficial effects of statins for AMD unclear.
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Amyloid
Drusen formation along the basal surface of the RPE is a long-known significant risk factor for AMD, and the resorption of these drusen are the clinical sign identified before the progression to GA. The mechanisms associated with drusen resorption are believed to be associated with the development of GA. Drusen contain immunomodulatory molecules and components that are common to glomerulonephritis, atherosclerosis, and Alzheimer's disease. Beta-amyloid has been shown to be a common protein between the neuritic plaques in Alzheimer's disease and drusen in AMD.
13 GSK933776 (GlaxoSmithKline) is currently being investigated in a phase 2 multicenter, randomized, double-masked trial for GA secondary to dry AMD. This drug is a humanized monoclonal antibody administered via an intravenous infusion that binds with high affinity to the beta-amyloid N terminus. In addition, the Fc portion of GSK933776 is designed to reduce complement fixation and Fc receptor binding, which theoretically provides additional anti-inflammatory effects. 14 
Choroidal circulation, perfusion
The choriocapillaris provides all of the metabolic needs of the photoreceptors, including 90% of the oxygen consumed by the photoreceptors in the darkness. Clinical studies suggest that choroidal blood flow is compromised in age-matched control subjects with AMD. Lack of perfusion of the chorio- 
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capillaris has been suggested as a potential cause of reticular drusen, which are a common phenotypic hallmark that portends a high risk for progression to GA. 4, 15 MC-1101 (MacuClear, Plano, TX) is a topically applied vasodilator that increases nitric oxide concentrations. MC-1101 was shown in preliminary studies to increase choroidal blood flow as measured with laser Doppler flow studies greater than five-fold in 1 hour after 1.0% administration. MacuClear is currently recruiting 60 patients for a phase 2/3 sham-controlled, double-masked, randomized, controlled trial for MC-1101 1.0% dosed twice daily. 16, 17 Visual cycle modulators Fenretinide (Sirion Therapeutics, Tampa, FL), also known as N-(4hydroxyphenyl) retinamide, is designed to modulate the visual cycle and prevent toxic accumulation of lipofuscin in the RPE. It is an orally ingested vitamin A derivative that competitively binds retinol-binding protein (RBP) and subsequently decreases retinol bioavailability. 18 Dose-dependent reductions in serum RBP-retinol with associated reduced lesion growth rates have been reported in a placebo-controlled, randomized, double-masked 2-year trial with 246 patients at a dose of 300 mg. The same study found a 45% decreased incidence of choroidal neovascularization compared to placebo. 19 Despite encouraging results, changes in the manufacturing process during the trial have resulted in the U.S. Food and Drug Administration rejecting the data for review. Unless funding is acquired for a repeat trial, this drug will likely not come to market.
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Anti-inflammatory agents
Anti-inflammatory agents target or inhibit a variety of proteins involved in the immunologic inflammatory process. These include matrix metalloproteinase (a protein vital for cellular migration), mTOR (a vital cellular proliferation protein), and the complement cascade (an innate pro-inflammatory/immunologic protein family). Lampalizumab (Genentech, South San Francisco, CA) is an intravitreally injected monoclonal antibody that blocks factor D in the complement cascade. The multicenter, randomized, singlemasked phase 2 MAHALO trial enrolled 129 patients, and those in the treatment arm of the study showed a 20.4% reduction rate in the area of GA at 18 months. Remarkably, 57% of the 93 patients in the treatment arm were positive for the complement factor I biomarker. In this subgroup, monthly lampalizumab was associated with a 44% decrease in rate of disease progression at 18 months (P < .005). In those treated every other month, the rate of disease progression decreased by 18% (P = .23). The enhanced treatment effects of lampalizumab associated with the complement factor I biomarker emphasize the potential importance of genotype identification in future targeted therapies. 21 
Prevention of RPE, photoreceptor loss
A great deal of controversy has surrounded the transplant and harvesting of embryonic stem cells. In January 2012, a landmark study by Schwartz et al published in Lancet offered the first description of human embryonic stem cell transplant into human subjects with retinal disease. In that study, MAO9-hRPE cells (human embryonic stem-cell-derived retinal pigmented epithelial cells; Advanced Cell Technology, Marlborough, MA) were transplanted subretinally. Safety was demonstrated in the two patients, one with Stargardt's disease and another with GA, with no evidence of hyperproliferation, tumorigenesis, ectopic tissue formation, or rejection after 4 months. 22 A phase 1/2 clinical trial is currently recruiting participants with one or more areas with greater than 250 µm of GA. Four cohorts are planned, with each receiving between 50,000 to 200,000 cells.
